Na , -amino-N and molasses sugar compared with those of the control. In this study, no significant differences + were found to exist between boron application times. On the other hand, the highest root yield and sucrose concentration were obtained by spraying with 12‰ boric acid at 60 days after planting.
INTRODUCTION
root yield resulting from boron application ranged from 10
Nowadays, manure is being extensively used as a [4] showed that consumption of 0.3 kg B ha will increase robust tool to maximize crop productivity. Among the root yield by 12.5, 12.1 and 11.1% and sucrose yield by nutrients in the soil, deficiency in nitrogen, phosphorus, 8.7, 13.8 and 3.5% compared to the times of nonpotassium, zinc and boron has been identified as one of consumption in soil, of spraying foliar and of spraying the major constraints in beet crop production and, based foliar in soil, respectively. Consumption of boron in large on plant needs, should be added to the soil accordingly.
quantities, however, showed a reduction in yield and The availability of micronutrients in the soil can strongly sugar production in all methods of application. affect the production and quality of sugar beet. A recent
The highest yield and quality of sugar beet were study in Fars province, Southwest of Iran, demonstrates obtained when 0.3 kg ha boron was added to the soil as that consumption of 10 kg ha Borax (Na Bo , which borax. El-Gawad et al. [5] showed that adding 0.5 kg B Sucrose percentage (%) was determined in fresh roots The experimental design was a factorial randomized polarmetrically using the Pol method and Nitrate and complete block design with four replicates. Factors were:
nitrite were determined in roots according to the method Boric acid (containing 17% boron); application time in described by Singh(6). Data collected were subjected to three levels (30, 45 and 60 DAP) and the concentrations of the analysis of variance (ANOVA). Test of significance of boric acid being sprayed in four levels (spraying with a the treatment difference was carried out on a basis of solution containing 0, 4, 8 and 12‰ B, corresponding with Duncan multiple-range test. The significant differences 0, 0.35, 0.7 and 1.22 kg B ha , respectively).
between treatments were compared with the critical 1 The treatments were laid out in 2.4x8 m plots. Seeds difference at 5% and 1% levels of probability. application times (Table 3 ). The greatest root yield was All plots were weeded manually during the growth period.
observed at 60 DAP. The reason for such a lack of No serious incidence of insect or disease was observed differences between different boric acid application times and no pesticide or fungicide was applied to either plants.
can be due to short time-intervals between boron During the growth of sugar beet, other fertilizers were application in different treatments. A number of studies applied based on soil analysis results. Irrigation during have shown that with one-month intervals between boron the growth season was done as Sprinkler and in 8-day spraying times there will be no significant impact on root intervals. Boric acid spraying was conducted using dorsal yield, which, by itself, indicates that root yield affected by sprayer in the last hours of each day. In all three stages, various factors as well as the role of boric acid in this spraying was done three days after irrigation. At regard seems almost negligible. Wassif et al.
[7] harvesting time, one meter from the beginning and a half suggested that the best time for foliar application of boron meter around each plot was removed as a marginal effect.
is from late May to early June, prescribing that spraying The remaining area was harvested manually. Twenty root should be repeated in 10 to14 more days.
laboratory to determine the percentage of sugar. Root ns: not significant; (*) and (**) represent significant difference over control at P < 0.05 and P < 0.01, respectively. Boric acid concentrations significantly (p<0.05) greater effect on qualitative yield of sugar beet than that affected root yield (Table 3) . Spraying with concentrations of the boron application at 90 DAP, though there was no of 8‰ and 12‰ significantly increased yield over the significant difference among the treatments. control. At the same time, differences between control and
The effect of different concentrations of boric acid on spraying with concentration of 4‰ were not significant sucrose concentration was significant (p<0.01) ( Table 3 ). (Fig. 1 
). Stevens and Mesbah [8] found that application of
The least sucrose concentration was observed at the zinc, boron, iron and manganese increased root yield of control, increasing significantly along with the increase in sugar beet by 14% compared with the case of nonboron concentration. Although there was no significant application of these micronutrients. It did not, however, differences between concentrations of 12 and 8‰ (Fig. 2) , significantly increase when using boron alone. Kristek increased concentration of boric acid increased the et al. In their study, compared to the control, boron affected by boric acid application time (Table 3) . El-Gawad application increased sucrose concentration by 6.5% and et al. [5] indicated that boron application at 105 DAP had 16% at the first and second years of study, respectively.
yield due to increased glucose levels in roots and phloem * Values followed by the same letter within the same columns do not differ significantly at p = 5% based on DMRT.
Root Impurities
Increasing boron application decreased sodium content Potassium Content: Analysis of variance revealed that to different extents: sodium content was 1.75 Meq 100 g potassium content was not affected by boric acid root for concentration of 4‰, 1.58Meq 100 g root for application time (Table 3 ). Spraying at 30 DAP (4.88 meq concentration of 8‰ and 1.26 Meq 100 g root for K 100 g of root) exhibited the greatest potassium concentration of 12‰ which, compared with the control, 1 content, while spraying at 60 DAP (4.07 meq K 100 g of decreased by 26%, 34 and 47%, respectively, (Table 4 ).
1 root) had the least potassium content (Table 4) . Tariq et al. [13] showed that application of boron Effect of different concentrations of boric acid on the decreased sodium content in sugar beet root. Similar potassium content was significant (Table 3) . At different results have also been reported by Javaheripour et al. [11] ; concentrations of boric acid, the only significant in their study, however, application of 10 and 20 kg boric differences were between concentrations of 4% and those acid ha prior to sowing did not increase the sodium of the control (Table 4) . Javaheri et al. [10] reported that content over the control. application of 20 kg boric acid ha increased potassium [12] who reported times of boron application on reducing nitrogen (Table 3) . that boron application had no impact on potassium Despite the lack of significant differences in different content in sugar beet root.
times of boron application, the least amount of nitrogen Trend of changes in potassium with regard to reduction was observed at boric acid application in 60 different concentration of boron was not clear in the DAP (Table 4) . present study. There was a negative relationship between Faster nitrogen absorption at boron application in 60 potassium content and concentration of boron DAP, compared to other application times, could have application. The greatest potassium content was resulted in decreased reduction of nitrogen accumulation observed in the control, which decreased by 30.6% at in this treatment. Highly significant differences appear in spraying with concentration of 12‰ (Table 4) . connection with effect of different concentrations of boric Sodium Content: Sodium content was not significantly of nitrogen content occurred when boron applied at changed between different times of boron application concentration of 12‰ and increased along with a (Table 3 ). Spraying at 45 DAP exhibited the greatest decrease of boron concentration (Table 4) . Boric acid sodium content, while spraying at 60 DAP had the least application at concentration of 12‰ compared to a time of sodium content (Table 4) . The least accumulation of non-consumption decreased the reduction of nitrogen by sodium at boron application at 60 DAP can be due to the an amount of 31%. There was no significant difference fact that increased leaf area in this date will facilitate the between spraying with concentrations of 4‰ and 8‰ increase in boron absorption.
( Table 4) . Increase in soil boron decreased the reduction There was a significant difference between different of nitrogen through reducing the absorbed nitrogen. concentrations of boric acid in sodium content (p<0.01).
Kristek et al. [12] found that application of 0.5, 1, 2 and 4 Among the qualitative characteristics of sugar beet, boron kg B ha decreased the reduction of nitrogen compared had the most effective impact on the sodium content.
to control by 41%, 48%, 56% and 74%, respectively. acid on reducing nitrogen (Table 3 ). The least reduction 1
